Abstract Mercury's unusually high mean density has always been attributed to special circumstances that occurred during the formation of the planet or shortly thereafter, and due to the planet's close proximity to the Sun. The nature of these special circumstances is still being debated and several scenarios, all proposed more than 20 years ago, have been suggested. In all scenarios, the high mean density is the result of severe fractionation occurring between silicates and iron. It is the origin of this fractionation that is at the centre of the debate: is it due to differences in condensation temperature and/or in material characteristics (e.g. density, strength)? Is it because of mantle evaporation due to the close proximity to the Sun? Or is it due to the blasting off of the mantle during a giant impact?
Introduction
The density of Mercury, mean density 5.43 g/cm 3 (Anderson et al. 1987) , uncompressed mean density ∼5.3 g/cm 3 (Cameron et al. 1988) , is anomalously high. For comparison we note that the uncompressed mean density of the Earth is just ∼4.45 g/cm 3 (Lewis 1972) . From this Urey (1951 Urey ( , 1952 noted that Mercury must have an iron-to-silicate ratio much larger than that of any other terrestrial planet. The silicate-to-iron mass ratio is usually estimated to lie in the range from 30 : 70 to 34 : 66 or roughly 0.5. Harder and Schubert (2001) argued that the presence of sulfur in the core could lead to even smaller ratios and that a planet entirely made of FeS could not be excluded. All of these ratios are many times smaller than those of any of the other terrestrial planets or the Moon.
A variety of hypotheses have been suggested to account for the anomalously high mean density of Mercury. In all cases, the close proximity of Mercury to the Sun plays a crucial role and all theories invoke processes that result in some level of fractionation between iron and silicates during the very early phases of the solar system in order to explain this strange mean density. Amazingly, all these scenarios and ideas date back some 20 years or more. As far as the origin of the planet is concerned, very little new work has been carried out during the last two decades. In our opinion, this reflects more the lack of new relevant data than a lack of interest in the origin of this end member of the solar system. Although new ground-based observations of Mercury have been made since the Mariner 10 mission (Sprague et al. 2007 ), these have not yielded a consensus on the detailed geochemical and geophysical parameters necessary to distinguish between models of Mercury's formation. It is clear that with the two new space missions dedicated to study Mercury in unprecedented detail (NASA's MESSENGER and ESA's BepiColombo; see e.g. Balogh et al. (2007)), this situation is about to change drastically. It is therefore critical to revisit the problem of the origin of Mercury and to work out models that make testable predictions in order to prepare the necessary framework in which to discuss the measurements the two future missions will be able to carry out.
Mercury formation models which have been proposed to account for this anomaly can be classified into two broad categories according to the time at which the fractionation occurs. In the first category, we find models that explain the anomalous composition of the planet as a result of fractionation that occurred during the formation of the planet proper. The second set of models encompasses those for which the planet forms first with roughly chondritic abundances and fractionates shortly thereafter. We shall briefly review these two categories in Sect. 2. Studying Mercury's origin involves studying the dynamics and chemistry of the protoplanetary nebula in close proximity to the star. Since planets grow through collisions, the study of the formation of Mercury is also an investigation of these processes in a region where these collisions are particularly violent. Although the details of the study may be specific to just this planet, it holds implications for the formation of rocky planets (or the cores of giant planets) in general, and may provide a means for choosing between different theories.
The Formation of Mercury: Scenarios and Ideas
In this section we briefly recall the different scenarios that have been proposed to explain Mercury's anomalous composition. In all the currently available scenarios, the main point is to achieve enough chemical fractionation to account for the high density of the planet. Not
